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ORIGINAL RESEARCH

Duration of Inducible Ventricular Tachycardia 
Early After ST- Segment–Elevation 
Myocardial Infarction and Its Impact on 
Mortality and Ventricular Tachycardia 
Recurrence
Tejas Deshmukh, MBBS, MClinTRes; Sarah Zaman, MBBS, PhD; Arun Narayan, BNurs, MNurs (Critical Care); 
Pramesh Kovoor, MBBS, PhD

BACKGROUND: The clinical significance of the duration of inducible ventricular tachycardia (VT) at electrophysiology study (EPS) 
in patients soon after ST- segment–elevation myocardial infarction and its predictive utility for VT recurrence are not known.

METHODS AND RESULTS: Consecutive ST- segment–elevation myocardial infarction patients with day 3 to 5 left ventricular ejec-
tion fraction ≤40% underwent EPS. A positive EPS was defined as sustained monomorphic VT with cycle length ≥200 ms. The 
induced VT was terminated by overdrive pacing or direct current shock at 30 s or earlier if hemodynamic decompensation oc-
curred. Patients with inducible VT duration 2 to 10 s were compared with patients with inducible VT >10 s. The primary end point 
was survival free of VT or cardiac mortality. From 384 consecutive ST- segment–elevation myocardial infarction patients who 
underwent EPS, 29% had inducible VT (n=112, 87% men). After mean follow- up of 5.9±3.9 years, primary end point occurred in 
35% of patients with induced VT 2 to 10 s duration (n=68) and in 22% of patients with induced VT >10 s (n=41) (P=0.61). This was 
significantly different from the noninducible VT group, in which primary end point occurred in 3% of patients (n=272) (P=0.001).

CONCLUSIONS: This study is the first to show that in patients who undergo EPS early after myocardial infarction, inducible VT 
of short duration (2–10 s) has similar predictive utility for ventricular tachyarrhythmia as longer duration (>10 s) inducible VT, 
which was significantly different to those without inducible VT. It is possible that immediate cardioversion of rapid VT might 
have contributed to some of the short durations of inducible VT.
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Electrophysiology study (EPS) demonstrates the 
presence of an electrical substrate for reentrant ven-
tricular tachyarrhythmia. The inducibility of ventricu-

lar tachycardia (VT) at EPS is predictive of spontaneous 
ventricular arrhythmias late after myocardial infarction 
(MI) in patients with impaired ventricular function.1–5 EPS 
has been used as a risk stratification tool to guide pro-
phylactic implantable cardiac defibrillator (ICD) implanta-
tion in observational and randomized defibrillator trials.6,7 

The aim of the present study was to assess the impact of 
the duration of inducible VT at the index EPS on the pri-
mary end point of survival free of VT or cardiac mortality.

METHODS
The data that support the findings of this study are 
available from the corresponding author on reason-
able request. Consecutive patients (n=384) with 
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ST- segment–elevation myocardial infarction (STEMI) 
treated with primary percutaneous coronary inter-
vention (PCI) from 2004 to 2017, who had an early 
EPS after STEMI, were prospectively recruited. The 
study was approved by the Western Sydney Local 
Health District Human Research Ethics Committee, 
and all patients gave their informed consent. Patients 
either presented directly to the intervention- capable 
tertiary referral Westmead Hospital or were referred 
by 3 associated district hospitals. All patients in 
the study were taken to the cardiac catheterization 
laboratory with angiographically confirmed STEMI 
and intention for primary PCI. No patients received 
thrombolytic therapy. Patients underwent inpatient 
assessment of left ventricular ejection fraction (LVEF) 
at day 3 to 5 with gated heart pool scan, transtho-
racic/transesophageal echocardiogram, or sestamibi 

scan. All patients were commenced on optimal 
medical therapy, including β blockers, angiotensin- 
converting enzyme inhibitor, statins, and dual an-
tiplatelet medications. Patients with LVEF ≤40% 
underwent inpatient EPS to determine need for an 
early post- MI primary prevention ICD.

Electrophysiology Study
EPS was performed under conscious sedation in the 
absence of antiarrhythmic medication. β Blockers 
apart from sotalol were not withheld. Patients were 
closely monitored during EPS with constant pulse 
oximetry recording, noninvasive blood pressure, 
and end tidal CO2 recording in addition to cardiac 
rhythm monitoring. Programmed ventricular stimula-
tion (PVS) was performed at twice diastolic threshold 
at the right ventricular apex (single site) using a pro-
grammable stimulator.5 A drive train (S1) of 8 beats 
at 400  ms was followed by up to 4 extrastimuli.8 
Stimuli were rectangular pulses of 2- ms duration at 
twice diastolic threshold with a 3- s delay between 
each drive train. The initial extrastimulus was deliv-
ered at a coupling interval of 300 ms and then de-
creased in 10- ms steps to ventricular refractoriness. 
If the earliest possible extrastimulus (eg, S1S2) failed 
to induce VT, that extrastimulus was delivered 10 ms 
outside the ventricular effective refractory period and 
an additional extrastimulus was added (eg, S2S3) 
at a coupling interval of 300 ms. The additional ex-
trastimulus was decreased in 10- ms steps in the 
same manner. Additional extrastimuli were added in 
a similar manner (always starting with a coupling in-
terval of 300 ms) until VT, ventricular fibrillation (VF), 
or ventricular flutter (<200- ms cycle length [CL]) was 
induced or refractoriness of the fourth extrastimu-
lus (S5) was reached. There was no set lower limit 
for the shortest permissible extrastimulus coupling 
interval. Isoprenaline infusion was not used to fa-
cilitate VT induction. A positive EPS was defined 
as sustained monomorphic VT CL ≥200  ms9,10 for 
>10 s or shorter duration if hemodynamic compro-
mise occurred. Loss of pulse oximeter tracing was 
a sensitive indicator of hemodynamic instability, ne-
cessitating termination of the induced VT. Our elec-
trophysiology laboratory protocol requires a nurse 
dedicated to defibrillation during PVS who charges 
the device to a prespecified value at the onset of the 
tachyarrhythmia, enabling rapid defibrillation in cases 
of hemodynamic instability during induced VT. This 
avoided delays and failure of defibrillation. The induc-
ible VT terminated spontaneously or required therapy 
in the form of antitachycardia pacing (ATP) or direct 
current shock. A negative EPS was defined as no 
arrhythmia induced or inducible VF/ventricular flutter 
CL <200 ms. If the first PVS protocol using up to 4 
extrastimuli was positive for inducible VT, the study 

CLINICAL PERSPECTIVE

What Is New?
• Inducible ventricular tachycardia (VT) that was 

both short and of longer duration (>10  s) had 
similar predictive value for the combined end 
point of mortality or VT recurrence, which was 
significantly different to those without inducible 
VT.

What Are the Clinical Implications?
• We propose the following new definitions for in-

ducible VT at early electrophysiology study after 
acute myocardial infarction.

• Sustained VT should be defined as >8  beats 
and >2 s.

• Nonsustained VT should be defined as <8 beats 
and <2 s duration.

Nonstandard Abbreviations and Acronyms

ATP antitachycardia pacing
CL cycle length
EPS electrophysiology study
ICD implantable cardiac defibrillator
LVEF left ventricular ejection fraction
MI myocardial infarction
PCI percutaneous coronary intervention
PVS programmed ventricular stimulation
STEMI  ST-segment–elevation myocardial 

infarction
VF ventricular fibrillation
VT ventricular tachycardia
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was stopped and further PVS inductions were not 
performed. If the first PVS was negative, a repeated 
PVS11 was performed from the same site after a pe-
riod of 5 to 10 minutes, using the same protocol of 
up to 4 extrastimuli. If the second PVS failed to in-
duce VT, this would be classified as a negative EPS. 
Predischarge ICD implantation was recommended 
for patients with inducible VT at EPS.4,6,9

Patients were divided into 2 groups based on the 
duration of inducible VT of 2 to 10 and >10 s.

ICD Implantation and Programming
All devices were prepectoral or subpectoral systems 
with the manufacturer and type determined by the hos-
pital device acquisition process. Defibrillator threshold 
testing was not part of study protocol but was per-
formed at the time of implantation at the discretion of 
the proceduralist. Device detection and therapy were 
programmed according to manufacturer’s recommen-
dations. Therapy for VF was ATP during charging and 
shock. Therapy for VT consisted of ATP followed by 
shock, if required.

Whenever possible, 3 detection zones were set: 
VF zone of CL <250 ms programmed to deliver ther-
apy via shock; fast VT zone within the VF zone of CL 
200 to 250 ms programmed to deliver ATP followed 
by tiered shock; and VT zone of CL 251 to 360 ms 
programmed to deliver ATP followed by tiered in-
tensity shock. If 3 detection zones could not be set, 
VF zone of CL <250 ms and VT zone of CL 251 to 
350 ms were set.

Parameters for VT/VF detection were standard-
ized according to the ICD manufacturer. In general, for 
Medtronic ICDs, detection of VT CL <250 ms required 
18/24 beats and subsequently 12/16 beats for redetec-
tion; for VT CL >250 ms, detection required 16 beats 
and subsequently 12 beats for redetection. For Boston 
Scientific/Guidant devices, ventricular tachyarrhythmia 
detection was in accordance to the “sliding window prin-
ciple,” with 8/10 intervals for commencement of window 
detection and 6/10 for continuation. For VT <240 ms, 
the duration timer was 1 s, with redetection for 1 s. For 
VT >240 ms, the duration timer was 2.5 s, with redetec-
tion for 1 s. For St. Jude devices, detection of ventricular 
tachyarrhythmia was based on the binning system of 
current interval and running interval average. VT detec-
tion required 12 binned intervals at a rate >250 ms, and 
VF required 12 binned intervals at a rate <250 ms.

Ventricular arrhythmia that did not reach the set 
number of detection intervals was classified as non-
sustained and did not meet the primary end point. 
Discriminators for supraventricular tachycardia were 
standardized on the basis of arrhythmia onset, stabil-
ity, QRS morphological characteristics, and ventricu-
loatrial dissociation.

End Points and Follow- Up
The primary end point was survival free of VT or car-
diac mortality. All patients were followed up by the 
study investigators throughout their time in hospital 
and by telephone contact at 1, 3, and 6 months after 
discharge, with 6- monthly intervals thereafter for at 
least 2 years. Long- term follow- up data were obtained 
from electronic medical records and outpatient car-
diologist reviews. Patients with an ICD were also fol-
lowed up in the ICD clinic, on home monitoring, and 
with OneView. OneView is a web- accessible applica-
tion from ScottCare (Cleveland, OH). It gives the ability 
to monitor and manage patients with implantable car-
diac devices, regardless of the manufacturer. It is able 
to consolidate data from the programmer at implant 
or in- clinic interrogation, and from manufacturer web 
portals for remote device interrogations.

Ventricular tachyarrhythmia in ICD recipients in-
cluded only VT that required treatment to terminate 
(ATP or shock). Ventricular tachyarrhythmia in non- ICD 
recipients included only ECG- documented sustained 
VT for a duration of >1  minute. Cause of death was 
adjudicated by 2 local investigators on the basis of in-
formation obtained from witnesses, family members, 
death certificates provided by the state registry of 
births and deaths, hospital medical records, rhythm 
strips, and autopsy reports. A third independent inves-
tigator adjudicated if opinion differed. The adjudicators 
of the primary end point were blinded to the duration 
of the induced VT.

Statistical Analysis
SPSS (release 24.0) was used to analyze the results. 
Two- tailed tests with a significance level of 5% were 
used throughout. The χ2 or Fisher’s exact tests, as 
appropriate, were used to test for association be-
tween categorical variables. ANOVA or Kruskal- 
Wallis equivalent was used to test for differences 
in the distribution of continuous variables between 
the groups. Survival curves were estimated using 
the Kaplan- Meier method and compared statistically 
using the log- rank test.

RESULTS
The data that support the findings of this study are 
available from the corresponding author on reasonable 
request. Baseline characteristics are shown in Table 1. 
The mean age was 58.6  years, with most patients 
being men. The mean follow- up was 5.4  years. The 
mean LVEF was 31%, with most patients having an oc-
clusion in the left anterior descending artery as the cul-
prit vessel. A total of 112 patients had a positive EPS, 
whereas 272 patients had a negative EPS, of whom 
139 had inducible VF or flutter (CL <200 ms) and the 
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remaining 133 had no inducible arrhythmia. There was 
no significant difference between the 3 groups in terms 
of β blocker or amiodarone prescription on discharge

Of the negative EPS patients, 4 had ICD implanted, 
with 2 being for reduced LVEF remote to their STEMI 
and 2 having episodes of sustained VT. Of the pos-
itive EPS patients, all patients went on to have an 
ICD implanted. Data on duration of inducible VT were 
not available for 3 patients, and they were excluded 
from the primary end point analysis. Follow- up data 
on VT recurrence were not available for 6 patients. 
EPS- positive patients had a mean CL of 230 ms and 
median duration of induced VT in the 2 to 10 and 
>10  s groups of 4 and 20  s, respectively (Table  2). 
Mortality and VT recurrence were not different be-
tween EPS- positive subgroups and were greater in 
EPS- positive patients than in EPS- negative patients 
(Table  3), both for survival free from VT or cardiac 
mortality (Figure 1) and from VT or all- cause mortality 
(Figure 2).

DISCUSSION
This study is the first to show that VT recurrence 
and cardiac mortality were similar in patients with in-
duced VT and hemodynamic instability (and thereby 

interrupted) lasting 2 to 10 s, compared with induced 
VT that lasted >10  s with maintained hemodynamic 
stability and sometimes spontaneous conversion to 
normal sinus rhythm, when compared with those with-
out inducible VT. There was, however, a difference in 

Table 1. Baseline Characteristics

Variable

EPS Positive 
(VT 2–10 s) 

(n=68)

EPS Positive 
(VT >10 s) 

(n=41)
EPS Negative 

(n=272) P Value

Age, mean±SD, y 56.6±10.9 61.6±11.1 57.5+11.6 0.041

Sex (men/women) 63:5 34:7 220:52 0.073

Follow- up, mean±SD, y 7.1±3.9 4.3±2.9 4.9+3.9 0.001

LVEF, mean±SD, % 30±7 30±8 33+7 0.012

Previous CAD, % 32 18 22 0.176

Previous PCI, % 20 15 11 0.175

Previous CABG, % 5 5 1 0.091

Previous CVA, % 3 0 3 0.511

Hypercholesteremia, % 66 50 50 0.061

Diabetes mellitus, % 29 39 22 0.021

Hypertension, % 55 58 44 0.313

Smoker, past or current, % 71 71 68 0.956

Discharge ACE- I or ARB, % 81 83 82 0.952

Discharge β blocker, % 82 93 89 0.225

Discharge amiodarone, % 6 0 3 0.219

Discharge diuretics, % 30 43 11 0.001

Infarct- related artery, % 0.015

 LAD 77 72 84

 RCA 11 3 8

 LCx 8 3 5

ACE- I indicates angiotensin- converting enzyme inhibitor; ARB, angiotensin II receptor blocker; CABG, coronary artery bypass grafting; CAD, coronary artery 
disease; CVA, cerebrovascular accident; EPS, electrophysiology study; LAD, left anterior descending artery; LCx, left circumflex artery; LVEF, left ventricular 
ejection fraction; PCI, percutaneous coronary intervention; RCA, right coronary artery; and VT, ventricular tachycardia.

Table 2. Characteristics of EPS- Positive Patients

Characteristic

Duration of Induced VT, s

P Value2–10  >10 

Total No. 68 41 …

Cycle length, 
mean±SD, ms

231±35 228±22 0.732

Induced VT, median 
(LQ, UQ), beats/min

273 (245, 286) 273 (248, 286) 0.732

Duration of induced VT, 
median (LQ, UQ), s

4 (3, 6) 20 (16, 26) 0.001

Beats before 
termination, median 
(LQ, UQ)

19 (11, 25) 81 (68, 110) 0.001

Mode of termination, %

 ATP 30 37 0.008

 DC shock 70 51

 Spontaneous 0 12

ATP indicates antitachycardia pacing; DC, direct current; EPS, 
electrophysiology study; LQ, lower quartile; UQ, upper quartile; and VT, 
ventricular tachycardia.
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VT recurrence between the 2 to 10 and >10 s of in-
duced VT groups (37% versus 18%).

Most studies have defined inducible VT at the time 
of EPS as VT with a duration of >30 s or shorter in the 
event of hemodynamic compromise.3,12–14 However, 
outside of EPS, nonsustained VT has been defined as 
anything from ≥3 consecutive ventricular beats with 
a rate >100 beats per minute and durations of 15 to 
30  s.15–17 The definitions of inducible VT at EPS and 
spontaneous VT outside of the electrophysiology 

laboratory are not universal. Our study demonstrates 
that even shorter episodes of induced VT at EPS con-
fer a significant risk for future ventricular arrhythmic 
events. We found that overall, the median beats of VT 
before termination was 19. However, the fast VT that 
was induced (mean CL of 230 ms) in the current study 
necessitated early intervention in the form of ATP, di-
rect current cardioversion, or both. It has previously 
been shown that the sympathetic response to VT is 
dramatic in the first 10 s, leading to profound hemo-
dynamic decompensation and directly proportional 
to the rate of the tachycardia.18 Hence, definitions for 
sustained inducible VT at EPS should be revised to in-
clude these short durations of rapid VT. We propose a 
new definition for the duration of inducible VT at early 
EPS after acute MI. Sustained VT should be defined 
as >8 beats and >2 s. Nonsustained VT should be de-
fined as <8 beats and <2 s duration.

Reperfusion times have substantially improved 
the prognosis of STEMI patients, with benefits of 
reperfusion persisting up to 12  hours after symp-
tom onset, but the greatest benefit is within the first 
90 minutes.19–22 International guidelines have imple-
mented a 90- minute door- to- balloon time to reflect 
this, and multiple studies have shown that shorter 
door- to- balloon times lead to smaller infarct sizes.23–26 
Magnetic resonance imaging studies of infarcted 

Table 3. Mortality Data and VT Recurrence

Variable 

Duration of 
VT, s

EPS Negative P Value2–10  >10 

All- cause mortality, 
%

12 12 6 0.206

All- cause 
mortality+VT 
recurrence, %

43 29 6 0.001

Cardiac mortality, % 3 5 2 0.677

Cardiac 
mortality+VT 
recurrence, %

35 22 3 0.001

VT recurrence, % 37 18 1 0.001

EPS indicates electrophysiology study; and VT, ventricular tachycardia.

Figure 1. Cardiac mortality and ventricular tachycardia (VT) recurrence (P=0.001).
VF indicates ventricular fibrillation.
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hearts have shown that delayed or failed reperfusion 
results in increased infarct size and greater degrees 
of microvascular occlusion that can increase VT in-
ducibility.27,28 It has been well recognized that reentry 
through a stable circuit involving infarct scar tissue is 
the most likely mechanism of sustained monomor-
phic VT after infarction.29 Presumably, early reperfu-
sion results in small areas of surviving myocardium 
at the infarct border zone, allowing for smaller reen-
try circuits capable of sustaining faster VT. Reentry 
circuits that are too small may not be capable of 
maintaining VT, as the depolarizing wave front en-
counters refractory myocardium. This may provide a 
rationale for faster VT and less arrhythmogenesis in 
the context of early reperfusion.30,31 EPS has been 
predictive of arrhythmic events (odds ratio, 2.97; 95% 
CI, 1.44–6.12) but not total mortality (odds ratio, 1.16; 
95% CI, 0.64–2.11).32 These findings are consistent 
in our study.

In 4 studies from a recent meta- analysis, EPS per-
formed early after MI testing for ventricular arrhyth-
mia inducibility showed a high predictive power for 
the subsequent arrhythmic events (odds ratio, 7.85).32 

Kumar et al10 showed that a delay in reperfusion led 
to a 6- fold increase in inducible VT at EPS early after 
MI and a 3- fold increase in spontaneous VT at 2- year 
follow- up. Nalliah et al33 have previously shown that in-
ducible VT was faster in primary prevention patients 
receiving early reperfusion for acute MI. They showed 
that patients who had early reperfusion treatment 
(within 12 hours of symptom onset) had faster inducible 
VT compared with patients who did not (231±43 ms 
versus 252±56  ms; P=0.016). Patients who received 
late reperfusion were also 3 times more likely to experi-
ence appropriate defibrillator activation or sudden car-
diac death compared with patients who received early 
reperfusion. Piers et al7 similarly demonstrated the oc-
currence of faster inducible VT in secondary prevention 
patients with effective early reperfusion after MI. They 
classified early reperfusion treatment as <9 hours from 
symptom onset. Patients who underwent primary PCI 
were compared with nonreperfused patients and had 
significantly faster CLs (238±40 ms versus 287±63 ms; 
P<0.001). Fast VT (<250 ms) was also more prevalent 
in the early reperfusion group. Chong et al34 showed a 
nonsignificant difference for the mean CL of inducible 

Figure 2. All- cause mortality and ventricular tachycardia (VT) recurrence (P=0.001).
VF indicates ventricular fibrillation.
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VT after STEMI for those who received primary PCI or 
thrombolysis as their initial treatment (246+48 ms ver-
sus 261+62 ms; P=0.65).

Previous studies have shown that it is actually the 
rate of VT that appears to be the main factor that de-
termines hemodynamic instability rather than baseline 
left ventricular function.18,35,36 Hemodynamic instability 
during VT has been proposed to be caused by 2 main 
mechanisms: uncoordinated ventricular contraction 
and reduced diastolic filling. Decreased coordination 
of contraction and relaxation is critical in patients with 
depressed left ventricular function. Decreased sys-
tolic left ventricular function during VT is dependent 
on left ventricular filling, which is further compromised 
by impaired diastolic left ventricular relaxation result-
ing from abnormal contraction patterns after MI.37–39 
Hemodynamic instability is compounded by a pro-
found rapid initial phase, which comes into play during 
the first 30 s of VT, which is mediated by arterial baro-
reflexes.18 The induction of fast VT has become more 
relevant in the contemporary era of early and more ef-
fective reperfusion with primary PCI and, as reinforced 
in our study, it now can be seen to make up most of in-
ducible VT early after MI. Our study also reinforces the 
utility of ATP in termination of fast VT. These results are 
consistent with previous studies that have shown sim-
ilar results in both early EPS after MI9 and ICD trials.40

Several articles have confirmed the utility of the in-
ducibility of VT in predicting future arrhythmic events. 
Zaman et al9 have shown that fast VT (CL 200–230 ms) 
confers a similar risk of arrhythmia or death as standard 
VT (CL >230 ms) and a significantly higher risk com-
pared with patients with a negative EPS. Furthermore, 
they have shown that this applies to inducible VT with 
a second PVS if the first was negative11 and 4 extra-
stimuli compared with 3.8 Conversely, patients who 
have a negative EPS, being no arrhythmia induced or 
inducible ventricular flutter/VF, have been shown to 
have good long- term prognosis without the insertion 
of an ICD. Zaman et al6 showed that patients with LVEF 
<30% or <35% with evidence of heart failure, who had 
no inducible VT at early EPS, had a similar 3- year sur-
vival free of death or arrhythmia compared with pa-
tients with LVEF >40% (93% versus 91%; P=0.738), 
demonstrating the excellent negative predictive value 
of PVS early after MI. Similarly, Kumar et al5 showed 
that patients with a negative EPS without a defibrilla-
tor had a significantly lower risk for the primary end 
point, defined as sudden death or spontaneous ven-
tricular arrhythmia, than patients with inducible VT with 
a defibrillator (adjusted hazard ratio, 0.34; P=0.011). 
The risk of sudden cardiac death in the negative elec-
trophysiology cohort from this study at 2  years was 
only 3%. Confirmation of an EPS- guided strategy for 
primary prevention of sudden cardiac death requires a 
large, multicenter, randomized, controlled trial such as 

the current PROTECT- ICD trial, which has a VT induc-
tion protocol similar to our study.41

Limitations of this study include the lack of random-
ization and small sample size. However, if we were to 
run a randomized controlled trial to detect even a 5% 
difference in the composite end point of VT recurrence 
or cardiac mortality, we would require >1000 patients 
in each group. The routine use of EPS early after MI 
to guide ICD implantation is part of a study protocol, 
and is limited by its invasiveness, adverse effects, and 
costs. Nevertheless, these drawbacks may be out-
weighed by an improvement in ICD implantation ap-
propriateness, which is currently under investigation 
in a randomized trial.41 It is also not clear whether the 
same definitions would apply for inducible VT months 
or years after MI. It is a limitation of the article that there 
is a possibility that more events have been reported in 
the patients with an AICD compared with those with-
out a device. We also accept that it is possible that 
electrophysiologists’ initiated cardioversion when rapid 
VT was initiated might have contributed to some of the 
short durations of inducible VT. Hence, the duration of 
the induced VT might be partly operator dependent.

CONCLUSIONS
This study is the first to show that inducible VT at early 
postinfarct EPS that lasted 2 to 10 s had similar pre-
dictive power as inducible VT of >10  s, in regards to 
VT recurrence on long- term follow- up, which was sig-
nificantly different to those without inducible VT. Short 
duration of inducible VT might have been interrupted 
because of electrophysiologists’ initiated cardioversion. 
Median durations of inducible VT of 4 and 20 s had sim-
ilar prognostic value for the combined end point of car-
diac mortality or VT recurrence on long- term follow- up.

ARTICLE INFORMATION
Received November 18, 2019; accepted April 2, 2020.

Affiliations
From the Department of Cardiology, Westmead Hospital, Sydney, 
Australia (T.D., A.N., P.K.); University of Sydney, Sydney, Australia (T.D., 
P.K.); Monash University, Melbourne, Australia (S.Z.); and Monash 
Cardiovascular Research Centre, Monash Heart, Melbourne, Australia 
(S.Z.).

Sources of Funding
None declared.

Disclosures
None.

REFERENCES
 1. Richards DA, Blyth K, Ross DL, Uther JB. What is the best predictor of 

spontaneous ventricular tachycardia and sudden death after myocar-
dial infarction? Circulation. 1991;83:756–763.



J Am Heart Assoc. 2020;9:e015204. DOI: 10.1161/JAHA.119.015204 8

Deshmukh et al Impact of Inducible VT Duration Early After STEMI

 2. Bourke JP, Richards DA, Ross DL, Wallace EM, McGuire MA, Uther 
JB. Routine programmed electrical stimulation in survivors of acute 
myocardial infarction for prediction of spontaneous ventricular tach-
yarrhythmias during follow- up: results, optimal stimulation protocol and 
cost- effective screening. J Am Coll Cardiol. 1991;18:780–788.

 3. Huikuri HV, Raatikainen MJ, Moerch-Joergensen R, Hartikainen J, 
Virtanen V, Boland J, Anttonen O, Hoest N, Boersma LV, Platou ES, 
et al. Prediction of fatal or near- fatal cardiac arrhythmia events in pa-
tients with depressed left ventricular function after an acute myocardial 
infarction. Eur Heart J. 2009;30:689–698.

 4. Zaman S, Narayan N, Thiagalingam A, Ross DL, Kovoor P. Outcomes 
of early risk stratification and targeted implantable cardioverter- 
defibrillator implantation after ST- elevation myocardial infarction 
treated with primary percutaneous coronary intervention. Circulation. 
2009;120:194–200.

 5. Kumar S, Sivagangabalan G, Zaman S, West EB, Narayan A, 
Thiagalingam A, Kovoor P. Electrophysiology guided defibrillator im-
plantation early after ST elevation myocardial infarction. Heart Rhythm. 
2010;7:1589–1597.

 6. Zaman S, Narayan A, Thiagalingam A, Sivagangabalan G, Thomas S, 
Ross DL, Kovoor P. Long- term arrhythmia- free survival in patients with 
severe left ventricular dysfunction and no inducible ventricular tachycar-
dia after myocardial infarction. Circulation. 2014;129:848–854.

 7. Piers SR, Wijnmaalen A, Borleffs CJ, van Huls van Taxis CF, Thijssen J, 
van Rees JB, Cannegieter SC, Bax JJ, Schalij MJ, Zeppenfeld K. Early 
reperfusion therapy affects inducibility, cycle length, and occurrence of 
ventricular tachycardia late after myocardial infarction. Circ Arrhythm 
Electrophysiol. 2011;4:195–201.

 8. Zaman S, Kumar S, Narayan A, Sivagangabalan G, Thiagalingam A, 
Ross DL, Thomas SP, Kovoor P. Induction of ventricular tachycardia 
with the fourth extrastimulus and its relationship to risk of arrhythmic 
events in patients with post- myocardial infarct left ventricular dysfunc-
tion. Europace. 2012;14:1771–1777.

 9. Zaman S, Kumar S, Sullivan J, Narayan A, Thiagalingam A, Ross 
DL, Kovoor P. Significance of inducible very fast ventricular tachy-
cardia (cycle length 200–230  ms) after early reperfusion for ST- 
segment–elevation myocardial infarction. Circ Arrhythm Electrophysiol. 
2013;6:884–890.

 10. Kumar S, Sivgangabalan G, Thiagalingam A, West EB, Narayan A, 
Sadick N, Ong AT, Kovoor P. Effect of reperfusion time on inducible 
ventricular tachycardia early and spontaneous ventricular arrhythmias 
late after ST elevation myocardial infarction treated with primary percu-
taneous coronary intervention. Heart Rhythm. 2011;8:493–499.

 11. Zaman S, Narayan A, Thiagalingam A, Sivagangabalan G, Thomas S, 
Ross DL, Kovoor P. Significance of repeat programmed ventricular stim-
ulation at electrophysiology study for arrhythmia prediction after acute 
myocardial infarction. Pacing Clin Electrophysiol. 2014;37:795–802.

 12. Daubert JP, Zareba W, Hall WJ, Schuger C, Corsello A, Leon AR, 
Andrews ML, McNitt S, Huang DT, Moss AJ. Predictive value of ven-
tricular arrhythmia inducibility for subsequent ventricular tachycardia or 
ventricular fibrillation in Multicenter Automatic Defibrillator Implantation 
Trial (MADIT) II patients. J Am Coll Cardiol. 2006;47:98–107.

 13. Schmitt C, Barthel P, Ndrepepa G, Schreieck J, Plewan A, Schomig A, 
Schmidt G. Value of programmed ventricular stimulation for prophy-
lactic internal cardioverter- defibrillator implantation in postinfarction 
patients preselected by noninvasive risk stratifiers. J Am Coll Cardiol. 
2001;37:1901–1907.

 14. De Ferrari GM, Rordorf R, Frattini F, Petracci B, De Fillippo P, Lnadolina 
M. Predictive value of programmed ventricular stimulation in patients 
with ischaemic cardiomyopathy: implications for the selection of candi-
dates for an implantable defibrillator. Europace. 2007;9:1151–1157.

 15. Al-Khatib SM, Stevenson WG, Ackerman MJ, Bryant WJ, Callans DJ, 
Curtis AB, Deal BJ, Dickfeld T, Field ME, Fonarow GC, et  al. 2017 
AHA/ACC/HRS guideline for management of patients with ventricular 
arrhythmias and the prevention of sudden cardiac death: a report of 
the American College of Cardiology/American Heart Association Task 
Force on Clinical Practice Guidelines and the Heart Rhythm Society. 
Circulation. 2018;138:e272–e391.

 16. Katritsis DG, Zareba W, Camm AJ. Nonsustained ventricular tachycar-
dia. J Am Coll Cardiol. 2012;60:1993–2004.

 17. Bloch-Thomsen PE, Jons C, Raatikainen MJ, Moerch JR, Hartikainen J, 
Virtanen V, Boland J, Anttonen O, Gang UJ, Hoest N, et al. Long- term 
recording of cardiac arrhythmias with an implantable cardiac monitor in 
patients with reduced ejection fraction after acute myocardial infarction: 

the Cardiac Arrhythmias and Risk Stratification After Acute Myocardial 
Infarction (CARISMA) study. Circulation. 2010;122:1258–1264.

 18. Smith ML, Ellenbogen KA, Beightol LA, Eckberg DL. Sympathetic neu-
ral responses to induced ventricular tachycardia. J Am Coll Cardiol. 
1991;18:1015–1024.

 19. Brodie BR, Gersh BJ, Stuckley T, Witzenbichler B, Guagliumi G, Peruga 
JZ, Dudek D, Grines CL, Cox D, Parise H, et  al. When is door- to- 
balloon time critical? Analysis from the HORIZONS- AMI (Harmonizing 
Outcomes with Revascularization and Stents in Acute Myocardial 
Infarction) and CADILLAC (Controlled Abciximab and Device 
Investigation to Lower Late Angioplasty Complications) trials. J Am Coll 
Cardiol. 2010;56:407–413.

 20. De Luca G, Suryapranata H, Ottervanger JP, Antman EM. Time delay 
to treatment and mortality in primary angioplasty for acute myocardial 
infarction. Circulation. 2004;109:1223–1225.

 21. Guerchicoff A, Brener SJ, Maehera A, Witzenbichler B, Fahy M, Xu K, 
Gersh BJ, Mehran R, Gibson CM, Stone GW. Impact of delay to reper-
fusion on reperfusion success, infarct size, and clinical outcomes in pa-
tients with ST- segment elevation myocardial infarction: the INFUSE- AMI 
Trial (INFUSE- Anterior Myocardial Infarction). JACC Cardiovasc Interv. 
2014;7:733–740.

 22. Scholz KH, Maier SG, Maier LS, Legenfelder B, Jacobshagen C, Jung 
J, Fleischmann C, Werner GS, Olbrich HG, Ott R, et al. Impact of treat-
ment delay on mortality in ST- segment elevation myocardial infarction 
(STEMI) patients presenting with and without haemodynamic instability: 
results from the German prospective, multicentre FITT- STEMI trial. Eur 
Heart J. 2018;39:1065–1074.

 23. Levine GN, Bates ER, Blankenship JC, Bailey SR, Bittl JA, Cercek 
B, Chambers CE, Ellis SG, Guyton RA, Hollenberg SM, et  al. 2011 
ACCF/AHA/SCAI guideline for percutaneous coronary intervention. 
Circulation. 2011;124:e574–e651.

 24. Neumann FJ, Sousa-Uva M, Ahlsson A, Alfonso F, Banning AP, 
Benedetto U, Byrne RA, Jean-Phillipe C, Falf V, Head SJ, et al. 2018 
ESC/EACTS guidelines on myocardial revascularization. Eur Heart J. 
2018;40:87–165.

 25. Tarantini G, Cacciavillani L, Corbetti F, Ramondo A, Marra MP, Bacchiega 
E, Napodano M, Bilato C, Razzolini R, Iliceto S. Duration of ischemia 
is a major determinant of transmurality and severe microvascular ob-
struction after primary angioplasty: a study performed with contrast- 
enhanced magnetic resonance. J Am Coll Cardiol. 2005;46:1229–1235.

 26. Prasad A, Gersh BJ, Mehran R, Brodie BR, Brener SJ, Dizon JM, 
Lansky AJ, Witzenbichler B, Kornowski R, Guagliumi G, et  al. Effect 
of ischemia duration and door- to- balloon time on myocardial perfusion 
in ST- segment elevation myocardial infarction. JACC Cardiovasc Interv. 
2015;8:1966–1974.

 27. Francone M, Bucciarelli-Ducci C, Carbone I, Canali E, Scardala R, 
Calabrese FA, Sardella G, Mancone M, Catalano C, Fedele F, et  al. 
Impact of primary coronary angioplasty delay on myocardial salvage, 
infarct size, and microvascular damage in patients with ST- segment 
elevation myocardial infarction: insight from cardiovascular magnetic 
resonance. J Am Coll Cardiol. 2009;54:2145–2153.

 28. Bello D, Fieno DS, Kim RJ, Pereles FS, Passman R, Song G, Kadish 
AH, Goldberger JJ. Infarct morphology identifies patients with sub-
strate for sustained ventricular tachycardia. J Am Coll Cardiol. 
2005;45:1104–1108.

 29. Marchlinski FE, Waxman HL, Buxton AE, Josephson ME. Sustained 
ventricular tachyarrhythmias during the early postinfarction period: 
electrophysiologic findings and prognosis for survival. J Am Coll 
Cardiol. 1983;2:240–250.

 30. Wijnmaalen AP, Schalij MA, von der Thusen JH, Klautz RJ, Zeppenfeld 
K. Early reperfusion during acute myocardial infarction affects ventric-
ular tachycardia characteristics and the chronic electroanatomic and 
histological substrate. Circulation. 2010;121:1887–1895.

 31. Ciaccio EJ, Ashikaga H, Kaba RA, Cervantes D, Hopenfeld B, Wit AL, 
Peters NS, McVeigh ER, Garan H, Coromilas J. Model of reentrant ven-
tricular tachycardia based on infarct border zone geometry predicts 
reentrant circuit features as determined by activation mapping. Heart 
Rhythm. 2007;4:1034–1045.

 32. Disertori M, Mase M, Rigoni M, Nollo G, Ravelli F. Ventricular 
tachycardia- inducibility predicts arrhythmic events in post- myocardial 
infarction patients with low ejection fraction: a systematic review and 
meta- analysis. Int J Cardiol Heart Vasc. 2018;20:7–13.

 33. Nalliah CJ, Zaman S, Narayan A, Sullivan J, Kovoor P. Coronary artery 
reperfusion for ST elevation myocardial infarction is associated with 



J Am Heart Assoc. 2020;9:e015204. DOI: 10.1161/JAHA.119.015204 9

Deshmukh et al Impact of Inducible VT Duration Early After STEMI

shorter cycle length ventricular tachycardia and fewer spontaneous ar-
rhythmias. Europace. 2013;16:1053–1060.

 34. Chong JJ, Ganesan AN, Eipper V, Kovoor P. Comparison of left ven-
tricular ejection fraction and inducible ventricular tachycardia in ST- 
elevation myocardial infarction treated by primary angioplasty versus 
thrombolysis. Am J Cardiol. 2008;101:153–157.

 35. Kolettis TM, Saksena S, Mathew P, Krol RB, Giorgberidze I, Bhambhani 
G. Right and left ventricular hemodynamic performance during sus-
tained ventricular tachycardia. Am J Cardiol. 1997;79:323–327.

 36. Hamer AW, Rubin SA, Peter T, Mandel WJ. Factors that predict 
syncope during ventricular tachycardia in patients. Am Heart J. 
1984;107:997–1005.

 37. Lima JA, Weiss JL, Guzman PA, Weisfeldt ML, Reid PR, Traill TA. 
Incomplete filling and incoordinate contraction as mechanisms of hypoten-
sion during ventricular tachycardia in man. Circulation. 1983;68:928–938.

 38. Saksena S, Ciccone JM, Craelius W, Pantopoulos P, Rothbart ST, 
Werres R. Studies on left ventricular function during sustained ventricu-
lar tachycardia. J Am Coll Cardiol. 1984;4:501–508.

 39. Baron SB, Huang SK, Comess KA. Left ventricular function during sta-
ble sustained ventricular tachycardia: hemodynamic and echo- Doppler 
analysis. Chest. 1989;96:275–280.

 40. Martins RP, Blangy H, Muresan L, Freysz L, Groben L, Zinzius PY, 
Schwartz J, Sellal JM, Aliot E, Sadoul N. Safety and efficacy of program-
ming a high number of antitachycardia pacing attempts for fast ventric-
ular tachycardia: a prospective study. Europace. 2012;14:457–1464.

 41. Zaman S, Taylor AJ, Stiles M, Chow C, Kovoor P. Programmed ventric-
ular stimulation to risk stratify for early cardioverter- defibrillator implan-
tation to prevent tachyarrhythmias following acute myocardial infarction 
(PROTECT- ICD): trial protocol, background and significance. Heart 
Lung Circ. 2016;25:1055–1062.


